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Abstract 

We analyse the spectral energy distribution of the 
evolved carbon giant DY Per with a spectral synthesis 
technique. The red giant shows the photometric fea- 
tures of R CrB type stars. We derive the atmospheric 
parameters of DY Per using three variants of molec- 
ular line lists. We estimate T^ff to be in the range 
2900 < Teff < 3300 K. We adopted log g = 0. The 
star may be metal deficient and hydrogen deficient. 
The maximum possible carbon abundance in the star, 
[C]=0.94, provides the following atmospheric parame- 
ters: {Tefi =3100 K, [Fe/H] =0, log(C/0) = 0.6, [N/Fe] 
= 0, [H/He] = 0, with Jorgensen's line lists for the 
molecules C2 and CN. 

1 Introduction 

The red giant DY Per shows photometric properties of 
R CrB type stars. Apparently, the star is the coolest 
among known stars of this type. DY Per is not a typical 
R CrB type star and we cannot classify it as a member 
of any known subclass of C-stars. 

Some authors, by indirect methods (see Keenan & 
Barnbaum 1997), estimate a range of its effective tem- 
perature : 3500 < Toff < 4740 K. Yakovina et al. 
(2009) determine 2900 < Tefi < 3000 K by fitting syn- 
thetic spectra to the observed spectral energy distribu- 
tion (SED). 

Molecular line lists in Yakovina et al. (2009) were 
taken from the Kurucz (1993-1994) database. This 
database is the most complete, but the accuracy of 
Kurucz's line lists is not always good enough. In this 
work we determine the atmospheric parameters of DY 
Per using the same material in Yakovina et al. (2009) 



Table 1: Systems of diatomic molecules included in our 
computations of synthetic spectra. [1] - Urdahl et al. 
1991, [2] - Huang et al. 1992, [3] - Tsuji 1973, [4] - 
Bernath et al. 1985. 



Molecule 


Transition 


System 


Do (eV) 


12C12C 




- a3n„ 


Swan 


6.297 [1] 


12C12C 


Ain„ 


- X1S+ 


Phillips 


6.297 [1] 


12(^14^ 


B2E+ 


- X2S+ 


Violet 


7.738 [2] 


12(^14^ 


A2n- 


X2S+ 


Red 


7.738 [2] 


12 CH 


A2A 


- x2n 




3.47 [3] 


12 CH 


B2I]- 


- x2n 




3.47 [3] 


12 CH 


C2S+ 


- x2n 




3.47 [3] 


24MgH 


A2n- 


X2S+ 




1.27 [4] 



^ yakovinaOmao .kiev.ua 
^ shavr inaOmao .kiev.ua 
^ypOmao . kiev . ua 
^pugachOmao .kiev.ua 



and two other variants of line lists for the molecules 
C2 and CN. 

A moderate resolution spectrum of DY Per was ob- 
tained on 29.09.2003 with the spectrograph SPEM at 
the Nesmith focus of the 2.6-m telescope ZTSh at the 
Crimean Astrophysical Observatory. In the observed 
region, AA 400-730 nm, the spectral resolution was ~ 
1.7 A/px, and the maximum S/N was about 280. The 
spectral reduction procedure is described in Yakovina 
et al. (2009). 



2 Model atmospheres and 

synthetic spectra of DY Per 

Model atmospheres for different Teff and abundances 
(Pavlenko & Yakovina 2009) were calculated by the 
SAM12 program (Pavlenko 2003). A microturbulent 
velocity of 14 = 3 km/s was adopted. A reference set 
of the "solar" abundances were taken from Gurtovenko 
& Kostik (1989). 

Synthetic spectra were calculated by the WITA6 pro- 
gram (Pavlenko 1997). Due to the high i2C/i^C value 
in the atmosphere of DY Per (Keenan & Barnbaum 
1997), molecules containing i^C were not included in 
our computations. We used the atomic line list from 
VALD (Kupka et al. 1999). The hst of molecular sys- 
tems included in our synthetic spectra calculations are 
shown in Table 1. Dissociation potentials are shown 
too. 

In Yakovina et al. (2009) the line lists of all molecu- 
lar systems were taken from CD-ROM N18 of the Ku- 
rucz (1993-1994) database. In this work we used two 
other versions. 

First, we update the line list of the Swan system of 
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the C2 molecule from Kurucz (1993-1994). For other 
molecular band systems, we used Kurucz's original line 
lists. We name Kurucz's original list and the modified 
one K18 and K18n, respectively. 

Second, line lists of the CN red system and C2 (with- 
out dividing into the systems) were taken from Jor- 
gensen's website (http://stella.nbi.dk). Other lists 
were taken from Kurucz (1993-1994). 

The CN red system line list on Jorgensen's site is a 
well known list from tape SCAN-CN (see Jorgensen & 
Larsson 1990). The C2 lists are from Querci (F.Querci 
et al. 1971, F.Querci et al. 1974). Jorgensen trans- 
formed Querci's lists to the SCAN-CN format. He up- 
dated the oscillator strengths (gf) when the new molec- 
ular data became available. 

We updated the Kurucz (1993-1994) fine hst of the 
Swan band system using the Kuznetsova & Shavrina 
(1996) data and programs. The new values of gf for 
the Swan system were calculated using the RADEN 
databank (Kuznetsova et al. 1993) and the MOLEC 
program, developed in the Main Astronomical Obser- 
vatory of NASU. 

C2 and CN spectra computed from three versions 
of the molecular line lists are shown in Fig. 1. All 
theoretical spectra shown in this paper are convolved 
with a gaussian of FWHM — 1.2 nm. 



3 Results 

From the best fitting theoretical SEDs to observed 
fluxes of DY Per at AA 430-730 nm we determined the 
following atmospheric parameters: TcS, [Fe/H], C/0, 
[N/Fe] and H/He. 

To compare the observed and synthetic spectra we 
used the following procedure. 

First of all, we analysed the synthetic spectrum fit to 
selected narrow spectral regions containing maxima or 
minima in the observed SED. Flux maxima determine 
the gradient of the SED in the investigated region. We 
found that the gradient of the SED is the important 
indicator of Teff. All selected regions are shown in Fig. 
2. We determined atmospheric parameters from the 
following features in these regions: 

- Swan bands were the main indicators of carbon 
abundance, 

- bands of CH A-X system with Av =-1 were the 
main indicators of the hydrogen abundance, 

- resonance Na I doublet was the main indicator of 
atomic spectrum intensity, 

- the band 3-0 of CN red system was the main indi- 
cator of nitrogen abundance. 

In Fig. 3 we show some fits of synthetic spectra, com- 
puted with different line lists, to the DY Per SED. 



Molecule C^, model 2900/0/0, log(C/O)=0.5 




450 500 550 600 650 

Wavelength (nm) 




550 600 650 

Wavelength (nm) 



Figure 1: Theoretical spectra of C2 and CN molecules 
computed with different molecular line lists for a model 
atmosphere 2900/0/0, log(C/O)=0.5. We computed 
^/-values for C2 (d-a)mod lines following a procedure 
by Kuznetsova & Shavrina (1996). 




550 600 
Wavelength (nm) 



Figure 2: The main indicators for determination of at- 
mospheric parameters in spectrum of DY Per. Here 
At; =v'-v", v' and v"- are vibrational quantum num- 
bers of the upper and lower levels of transition, respec- 
tively. 
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DY Per 

2900/0/-2, H/He=1/9, log(C/O)=0.65, [N/Fe]=0.5 
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Figure 3: Fit of synthetic spectra computed with dif- 
ferent hne hsts of C2 and CN to the observed fluxes of 
DY Per. 



These fits are rather similar. 

In Table 2 we show some new results combined with 
Yakovina et al. (2009) data. 

Table 2 shows some ambiguities in our DY Per pa- 
rameters. Values of effective temperature of DY Per 
are 2900 < Teft < 3000 K if we use K18 hne hst (Ku- 
rucz 1993-1994), 3000 < Toff < 3100 K if use Jorgensen 
data (http://stella.n bi.dk) and 3200 < Toff < 3300 K 
if we use the K18n list. 

In general, the uncertainty in other atmospheric pa- 
rameters - [Fe/H] , log(C/0), [N/Fe] and H/He - is 
considerably higher. We fixed the upper limits on the 
metallicity for every Toff and molecular line list: 

[Fe/R]m.ax= -0.5 for the K18 line list, 

[Fe/H]„a:r= -2.0 for the KlSn list, 

[Fe/II],„a2;= 0.0 for Jorgensen's data. 

For all [Fe/Hjmaa;, estimations of H/He are solar. 



Table 2: Sets of atmosphere parameters that provide 
the best fitting synthetic spectra to the spectrum of 
DY Per. We adopt log g=0.0, (H/He)©^ 0.911/0.089 
«9/l 

I Toff I [Fe/H] I log C/0 I [N/Fe] I H/He I [C] I Line hst 



2900 


-0.5 


0.3 


0.0 


Sun 


-1-0.14 


K18 


2900 


-1.0 


0.5 


0.2 


7/3 


-0.16 


K18 


2900 


-1.5 


0.6 


0.4 


3/7 


-0.56 


K18 


2900 


-2.0 


0.6 


0.5 


1/9 


-1.01 


K18 


3000 


-0.5 


0.4 


0.0 


Sun 


+0.24 


K18 


3000 


-1.0 


0.5 


0.3 


Sun 


-0.16 


K18 


3000 


-1.0 


0.5 


0.2 


8/2 


-0.16 


K18 


3000 


-1.5 


0.8 


0.5 


5/5 


-0.36 


K18 


3000 


-2.0 


1.0 


0.8 


3/7 


-0.66 


K18 


3000 


0.0 


0.4 


0.0 


Sun 


+0.74 


Jorgensen 


3100 


0.0 


0.6 


0.0 


Sun 


+0.94 


Jorgensen 


3100 


-0.5 


0.4 


0.0 


4/6 


+0.24 


Jorgensen 


3200 


-2.0 


1.2 


1.5 


Sun 


-0.46 


K18n 


3200 


-2.5 


1.4 


1.8 


5/5 


-0.76 


K18n 


3300 


-2.0 


1.6 


1.4 


Sun 


-0.06 


K18n 


3300 


-2.5 


1.6 


1.6 


7/3 


-0.56 


K18n 
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Hydrogen deficiency appears, if [Fc/H]dccreases, C/0 
and [C/Fe] increases but the carbon abundance de- 
creases relative to the solar value [C] . 

Wc cannot choose definitely the best variant of the 
synthetic spectrum from our spectral synthesis tech- 
nique only. Qualitative analysis of observations of DY 
Per (Keenan & Barnbaum 1997, Zacs et al. 2007) 
shows that DY Per is of normal metallicity or a slightly 
metal deficient star and, possibly, hydrogen deficient. 
On the other hand, the carbon abundance in the at- 
mosphere of DY Per is quite high. We see from Ta- 
ble 2 that only Jorgensen's molecular line lists support 
[C] values close to those observed in the atmospheres 
of R CrB type stars ([C]=l-2). The highest carbon 
abundance, [C]=0.94, is obtained for the model atmo- 
sphere with {Tcff =3100 K, [Fe/H] =0, log(C/O)=0.6, 
[N/Fc]=0, (H/He)0}. We note that the values of the 
parameters are not in contradiction with rough estima- 
tions by other authors. Our fit of the theoretical fluxes 
to the observed SED of DY Per is shown on Fig. 3c. 

4 Discussion and conclusions 

This work and Yakovina et al. (2009) make the follow- 
ing conclusions: 

• The effective temperature of DY Per is in range 
2900 < Teff < 3300 K. Our estimations of Tes are 
below estimations by indirect methods. We con- 
firm that DY Per is the coolest R CrB type star. 

• For every value of Teff , the spectral synthesis 
technique gives large ambiguities in the [Fe/H] , 
log(C/0), [N/Fe], H/He atmospheric parameters. 
However, the qualitative analysis provided by 
some authors and physical constraints suggest that 
the most likely combination of atmospheric pa- 
rameters of DY Per is {Toff =3100 K, [Fe/H] =0, 
log(C/O)=0.6, [N/Fe]=0, (H/He)©} with Jor- 
gensen's line lists for molecules C2 and CN. 

• We believe that new observations of DY Per in a 
wider spectral region, and at high spectral reso- 
lution and with independent methods of analysis 
will allow us to increase confidence in the determi- 
nation of the atmospheric parameters of DY Per. 
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